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Reproductive Timing of the Scarlet Shiner in Northern Alabama

.

A key aspect to understanding a species’ life history and ecological relationships is the
species’ schedule of reproduction. Knowledge about the reproductive biology of imperiled
North American cyprinids is necessary for reversing population declines. Lythrurus
fasciolaris, the Scarlet Shiner, is one species that needs better knowledge of its life history
and ecological relationships. In an effort to understand reproductive ecology of the Scarlet
Shiner, a 15-month study was performed along a 10 km length of the Flint River in northern
Alabama. Based on the gonadosomatic index (fraction of body mass contributed by ovarian
mass) of adult female Scarlet Shiners, peak reproductive activity occurs in May. Evidence
suggests spawning season is from April until late August. This evidence can be helpful in
developing potential conservation efforts for protection of this species and similar species
that share its habitat.
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CHAPTER 1

INTRODUCTION
Conservation
As a result of the increase in human population, an increase in the consumption of
earth’s resources has led to the destruction of many organisms’ natural habitats. In
addition to displacing these organisms, many of these organisms have been faced with
extinction while others are imperiled (Johnston 1999). Extinction of a species is not only
the death of that species; it is also a loss of its unique set of genes that characterizes one
species from another. Part of the earth’s natural processes involved extinction, but the
process was typically a slow process, with only a few exceptions, giving species the
opportunities to hybridize gene populations and adapt to gene mutations. Today, many
scientists see evidence of the sixth (and fastest) mass extinction on Earth, which humans
are to blame (National Geographic Society 2014; Kostyack and Rohlf 2008). Since the
expansion of humans, acceleration in the degradation of the environment has occurred
coupled with the loss of species (Boschung and Mayden 2004).
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Many conservation efforts have gone toward terrestrial organisms despite the
greater decline in aquatic organisms. Therefore, further efforts for species’ conservation
and protection of their natural habitat are necessary, particularly in the aquatic ecosystem.
Unfortunately, extensive information about many aquatic species is often lacking due to
imperiled species’ rarity and also a lack of studies in these areas (Johnston 1999;
Boschung and Mayden 2004). In North America, an inordinate number of aquatic
species are extinct or near extinction. Over the past 100 years, twenty-eight species of
fishes alone have been lost (Boschung and Mayden 2004). Alabama has witnessed the
extinction of two of its fishes and the extirpation of eight others. As of 2004, Boschung
and Mayden had recorded 124 imperiled species in Alabama. This is an alarming
number, and a warning that Alabama may be on the brink of losing much of it
biodiversity.
In the mid-1950s, the study of biodiversity rose as an interest with the realization
that many plants and animals were on a brink of extinction. In 1975, The Southeastern
Fishes Council (SFC) was formed from interest and concern for the imperiled
southeastern fish fauna. SFC had a committee to review the diversity, distribution, and
conservation status of all native freshwater fishes in the 51 major drainage units in
southeastern United States. They found that the southern United States supports more
native freshwater species than any area of comparable size in North America or other
temperate areas. The SFC also noted in 2000 that three southern fishes were extinct, two
others on the verge of extinction, and two were extirpated. Of the southern fishes
observed, 40 species were endangered, 43 species were threatened, and 100 species were
regarded as vulnerable (Boschung and Mayden 2004; Warren et al. 2000).
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In response to global decline of species, the discipline of conservation biology
was developed. The work of conservation biologist is to understand the process of
imperilment, recovery, and work to protect species and their habitats. Therefore, any
conservation efforts require knowledge of ecology, behavior, life history, population
dynamics and habitat use (Johnston 1999; Boschung and Mayden 2004). For proper
management and protection of the aquatic ecosystem that exist, a full understanding and
knowledge of the life history of resident species is required (Stallsmith et al. 2007). Of
the 30% of minnows that make up the larger fish fauna in the United States, a fifth are
imperiled. The reasons for their decline varies, but usually involves physical habitat
alterations or loss; pollution; overexploitation; and introduction of nonindigenous species
(Johnston 1999; Boschung and Mayden 2004).
Conservation biologists often overlook the field of behavioral ecology. However,
behavioral ecology provides information about the way behavior contributes to survival
and reproduction, which is vital to conserving fishes (Johnston 1999). Lythrurus
fasciolaris, the Scarlet Shiner, is one species that needs better knowledge of its life
history and ecological relationships. A key aspect of a species’ life history and
ecological relationship involves understanding a species schedule of reproduction
(Stallsmith et al. 2007).
Cypriniformes
The order Cypriniformes is made up of 5,000 to 6,000 species with various
morphological adaptations (Moyle and Cech, Jr 1982). The Cypriniformes are of great
importance to humans (e.g. food, recreation, and pets). They are of ecological
importance because they are the dominant freshwater group in many parts of the world
3"

(Bond 1979). Cypriniformes survival success is in part due to many features including
fear scent, small size (generally), and reproductive strategies.
The fear scent allows the fish to warn off predators. Often when predators are
detected, the fish will release the scent and either flee the area, hide, or school more
closely to decrease the predators’ chance of a successful attack. These fish are known to
be highly social and school at least once during their life history. In addition to the fear
scent, their small size is advantageous for many reasons. For example, their small size
greatly reduces their chance of being the top of the local food chain. With small size,
these fish are able to survive in areas with variable dissolved oxygen that larger predators
would not be able to survive (Robb and Abrahams 2003). It also is advantageous for
feeding on the myriad of small aquatic invertebrates. Furthermore, small size allows the
fish to inhabit microhabitats in fresh water between rocks in fast streams, among aquatic
vegetation in lakes, and in small or intermittent waterways. Of great importance, their
small size also allows for them to reach maturity quickly. Reproductively, the fish are
able to take advantage of the irregular seasons and fluctuations from season to season.
Since size allows for them to quickly mature, they are able to take advantage of favorable
conditions and maintain large populations while the favorable conditions exist (Moyle
and Cech, Jr 1982).
The suborder Cyprinoidei contains the Cyprinidae and other specialized cyprinid
derivatives and are the best known of the suborder (Bond 1979; Moyle and Cech, Jr
1982). With nearly 2,000 species, these fishes dominate the fresh waters of North and
South America, Eurasia and some of Africa. The Cyprinidae encompasses most of the
suborder with over 1,600 species. The Cyprinidae are also known as the minnows and
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carp family and represent the largest family of fishes. In North America, there are about
200 species of cyprinids, many of which are small, silvery “shiners” of the genus
Notropis. Many cyprinids are characterized by their bright breeding colors, nuptial
tubercles, and nest building, while others use nest of other fishes for spawning (Moyle
and Cech, Jr 1982). The majority of cyprinids in North America are found east of the
continental divide with the exception of a few like the Hybopsis crameri, Gila,
Richardsoius, and Rhinichthys (Bond 1979). They range in size from small, with
minimum length typically around 10 cm, to larger, with some exceeding 25 cm as adults
(Moyle and Cech, Jr 1982). In Alabama, none of the cyprinid species found exceeds 250
mm standard length (Boschung and Mayden 2004; Allen 2013). The smaller fishes serve
as forage for the larger predators (Bond 1979).
Cyprinid Reproduction
Knowledge about the reproductive biology of imperiled North American
cyprinids has a possible application for reversing trends in decline. According to
Johnston (1999), spawning behaviors had been documented (at that time) for 107 species
of North American minnows; yet, there was a lack of thorough studies and, as whole,
reproductive behaviors remained poorly understood. Johnston examined the relationship
between spawning mode and conservation status of North American minnows.
Johnston’s study wanted to find the answer to three questions pertaining to North
American minnows: is there a relationship between spawning mode and imperilment; can
spawning mode be predicted for poorly-known, imperiled species; and the importance of
including this information when formulating protection plans. The spawning modes of
North American minnows were divided into eight categories: broadcasting, crevice
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spawning, pit building, pit-ridge-building, saucer building, mound-building, eggclumping, and egg-clustering. Broadcasting was denoted as the primitive spawning mode
in minnows (Johnston 1999; Johnston and Page 1992). Broadcasting involves the release
and abandonment of eggs and sperm over an unprepared substrate. Most species within a
given genus of North American minnows share the same spawning mode, and over 60%
are broadcasters. Included in this category are the many species of Gila, and most nest
associates. The spawning behaviors of most broadcasters are the least studied among
minnows (Johnston 1999).
Spawning symbiosis (also known as nest association) occurs when one species
spawns in the nest of another, which is seen in most minnows in North America. Most
minnows that fall in the category are broadcasters. Even though they have the
capabilities to build their own nest, these species of fish choose to spawn in nest of other
species. The species benefit from nest association because it offers their young parental
care from the host(s) and protection (Johnston 1999).
In Johnston’s 1999 study, she looked at the patterns of imperilment. At that time,
of the 46 species of North American imperiled minnows, spawning modes were only
known for 28% of the fishes, according to Johnston. This emphasized the critical need
for information on imperiled species and need for studies on reproduction in minnows in
general. Johnston suggests that one method of gaining insight into the spawning behavior
of poorly known species is to examine the behavior of close relatives. This can be
accomplished using phylogenetic hypotheses, which can indicate the probable mode of
spawning by examining character states in well-studied relatives. For Lythrurus, her
study predicted broadcasting as the mode for the clade and 13% were acknowledged as

6"

imperiled. She suggested this type of spawning mode since some species of these genera
are broadcasters, making it probable that all species in these genera are also broadcasters
based on her observations. Based on the results of the phylogenetic tree, 80% of North
American minnows were broadcasters, which slightly differed from the over 60%
suggested. She also noted that it seemed as though species with broadcasting spawning
mode were especially susceptible to imperilment. This suggests that there is a
relationship between parental care and success (noted as lack of imperilment) in
minnows.
Lastly, Johnston examined the relevance of spawning mode to conservation
efforts. She argues that many conservation biologists are misled and classify fish as
imperiled because of small range size, which is either a historical condition or the result
of more recent range loss. Many of the imperiled North American minnows have both:
historically small ranges and inhabit springs, which are known endangered habitats (e.g.,
Eremichthys acros, Hermitremia flammea, Iotichthys phlegethontis, Lepidomeda
albivallis, Moapa coriacea, Relictus solitaries). This makes it difficult at predicting
imperilment of these species; especially since range restrictions is the overwhelming
cause of endangerment, according to Johnston. At least for some species, knowing
spawning mode and phylogenetic information are better predictors of the species’
imperilment. In addition, spawning modes can be useful in developing recovery plans,
particularly for species with declining range size.
Besides a declining range size, Johnston believes that physical habitat loss or
degradation is also responsible for the extirpation of many fishes and often the habitat is
unsuitable for the fish’s spawning requirements. As broadcasters, they aggregate to
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broadcast their eggs over suitable substrate. Therefore, alterations of habitats make it
difficult to form large spawning aggregation because the size of areas or fragmented
populations. For instance, dams cause fragmentation of populations and alter flow
patterns in rivers causing the loss of breeding habitats for some species. Siltation also has
negative effects in streams where fish require clean substrate for spawning; also with an
effect on broadcasters. Johnston states that for some species both spawning mode and
substrate is obligatory for nest association. This is very suggestive of nest associates that
will only spawn with a specific host, which may be true with Hydrophlox and Lythrurus
(e.g., species related to Notropis).
She suggests that complex ecological relationships, like in the case of Hydrophlox
and Lythrurus, should be taken into account when developing protection plans. For nest
associates, conservation plans should include a focus on the fish community as a whole,
not just the individual species. In some relationships, the hosts also benefit from the
nesting association as well. For example, the Chub and its nest associates show a
mutualistic relationship (Peoples and Frimpong 2013). Johnston (1994) also found the
same mutualistic relationship among Sunfish (host) and its nest associates like the Redfin
Shiner. The host and nest associate relationship makes it important to maintain the
community structure as a conservation measure. Prediction and prevention of
imperilment can occur if we combine and apply information on spawning behavior with
information on ecology, habitat requirements and life history to conservation efforts for
more species of minnows as well as other fishes.
Studies that focus on the life history of species aids in the conservation efforts for
those species and others in the same habitat. In 2007, Stallsmith et al. performed a study
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on the reproductive biology of two Notropis shiner species in the Borden Creek in
Lawrence, AL. The purpose of the study was to assess seasonal variations in the
reproductive competence of gonadal tissues of sympatric populations of Burrhead Shiners
(N. asperifrons) and Silverstripe Shiners (N. stilbius). Collections were made monthly
form March 2004 to October 2004 and again March 2005. After capture, the standard
length, mass, gonadal mass, and gonadosomatic index (GSI) were calculated. Sexual size
dimorphism was also evaluated.
In their study, Stallsmith et al. determined the status of oocyte development using
staining methods and examining using 40X magnification digital images. The stages
were categorized into four stages. They were identified as perinucleolar, which means a
visible nucleus but no vacuoles in the cytoplasm; cortical alveolar, the appearance of yolk
vesicles forming rings in the cytoplasm periphery; early exogenous vitellogenesis, when
oocyte is full of yolk vesicles and the differentiation of cellular and follicular layers are
present; and the nearly mature stage of late exogenous vitellogenesis, the accumulation of
yolk globules at the periphery of the cytoplasm. Mature oocytes were characterized by
the appearance of the micropyle and the migration of the germinal vesicle to the
micropyle. Stallsmith et al. found mature oocytes, in addition to early stages, in both
species from April through late July. In March, both species’ females carried developing
oocytes. They determined that over 80% of March oocytes were in early stages for both
species. In May, they found that more than 50% of oocytes were in advanced maturation
stages of vitellogenesis. They compared differences between the Burrhead Shiner and
Silverstrip Shiner and found one significant difference. Burrhead Shiner oocytes were
more mature in April compared to the Silverstripe Shiner. The differences in breeding-
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season length seem to be correlated with variation in local climates, especially the onset
of milder weather in the spring (Stallsmith et al. 2007).
Stallsmith et al. also examined the two species’ GSI (male and female separately)
and length. The mean GSI values indicated the species pattern of the timing of
reproduction. They found that the mean was very similar in both species but noted a
difference of timing and investment in the quality and quantity of eggs between the
species during the shared spawning season. Two tendencies were described of the two
species based on the data of the mean oocyte size at different development stages. The
first trend was the Silverstripe Shiners produce slightly larger perinucleolar oocytes
during the first stage of development. The second trend was the Burrhead Shiner
produced larger oocytes at later developmental stages, with the exception of April when it
reached peak.
In 2010, Holmes et al. observed and characterized the reproductive schedule of N.
telescopus in northeastern Alabama in Hurricane Creek. The observations were
conducted by examining the gonadal condition (e.g. gonadal maturation, maturity, and
decline patterns) of these fishes. Fish were collected from February through September.
They observed that the spawning season of the Hurricane Creek population of N.
telescopus was consistent with that of other stream cyprinids in the southern mountains of
North America. They found that the spawning season for the N. telescopus began in
April and started declined in July, completely finishing in August based on ovarian
conditions. Peak GSI values were found in June for both sexes suggesting a peak in
reproductive activity for that month. To support their observation, they also found a
correlation between the average size of all maturing oocyte stages for the month of June.
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A steady number of oocytes were present during the spawning period with variation in
the ratio of oocyte stages present.
Holmes et al. (2010) characterized the stages of the ovaries and the oocytes
according to the methods used in Heins and Rabito (1986). They completed the ovarian
and oocyte assessment using four out of the five stages originated in the Heins and Rabito
study (see Table 1.1). This method of classification was similar to assessments in Murua
et al. (2003) work (shown in Table 1.1).

Table 1.1. Composite of general maturity classification schemas of fish ovaries and oocytes for gross
assessment of reproductive conditions.

Females:
Maturity Stages
Latent (or
Immature*)

Ovarian Condition
Very small, thin; transparent
to slightly translucent.

Oocyte Maturation
Larger developing ova, if present,
yolkless or vitellogenic but with
nucleus visible.

Source
Heins & Rabito
(1986)

Small ovaries without visible
oocytes. Thin ovarian wall.

All the oocytes in the previtellogenic
stage.

Murua et al.
(2003)*

Early Maturing
1**

Small to moderate in size;
translucent to opaque and
white in color

Larger eggs relatively small with
nucleus obscured by yolk disposition,
often numerous, becoming white in
color

Heins & Rabito
(1986)
Holmes et al.
(2010)**
Allen (2013)

Late Maturing
(or Maturing*)
2**

Small to greatly enlarged
and filling a large portion of
the body cavity; opaque and
cream to white in color

Larger maturing ova usually
numerous, sometimes as large as
mature ova but not easily
differentiated from smaller maturing
ova, opaque and white or cream to
sometimes yellow in color.

Heins & Rabito
(1986)
Holmes et al.
(2010)**
Allen (2013)

Medium sized ovaries
occupying ¼ to ¾ body
cavity; visible opaque
oocytes.

Maturation process has started and
most advanced oocytes are in cortical
alveoli stage or early vitellogenic
stages.
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Murua et al.
(2003)*

Table 1.1 Continued
Maturity
Ovarian Condition
Stages
Mature
Varying greatly in size, often
3**
filling a large portion of the body
cavity and sometimes distending
the abdomen; opaque and cream
to yellow in color.

Oocyte Maturation

Source

Unovulated mature or ripening ova if
present easily differentiated from
maturing ova on the basis of size and
color, highly variable in number. Mature
ova opaque and cream to yellow in
color. Ripening ova opaque to
translucent and cream to yellow with
small oil globules visible and vitelline
membranes somewhat separated from
the yolk mass.

Heins &
Rabito (1986)
Holmes et al.
(2010)**
Allen (2013)

Larger ovaries occupying ¾ to
almost filling body cavity with
blood capillaries. Yellow/orange
colored.

Visible opaque oocytes without bruised
areas. The most advanced mode of
oocytes within the ovary is in
vitellogenesis stages.

Murua et al.
(2003)

Varying greatly in size, ripe ova
ovulated and concentrated in the
posterior portion of the ovary.

Ripe ova opaque to translucent and
cream to yellow with small concentrated
yolk mass and vitelline membrane well
separated from yolk mass.

Heins &
Rabito (1986)
Holmes et al.
(2010)**
Allen (2013)

Translucent oocytes that may
flow or not on applying pressure.
Hydrated oocytes are larger than
the opaque oocytes.

Spawning is imminent and the oocytes
are either in migratory nucleus stage or
hydration stage.

Murua et al.
(2003)*

Resting

Bruised ovary. Purple in color
and very flaccid. Occasionally
with remaining translucent
oocytes. But still the advanced
oocytes for the next batches are
visible opaque oocytes.

Some eggs have been released and postovulatory follicles are present. Some
remaining hydrated oocytes, from the
previous batch, may appear. Further
batches of hydrated oocytes will be
produced.

Murua et al.
(2003)

Spent

Similar to resting, bruised ovary
with purple coloration and very
flaccid. Ovary wall thick and
blood capillaries are big. There
are no more advanced oocytes
remaining in the ovary.

The last batch has been released.
Oogonia and chromatin nuclear stages
oocytes are present or if more advanced
oocytes are present they will undergo
generalized atresia and will be resorbed.

Murua et al.
(2003)

Notes:

* Indicates Murua et al.’s (2003) corresponding stage name.
** Indicates the modified schema stage numbers given in Holmes et al. (2010).

Ripe (or
Spawning*)
4**
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According to Holmes et al. (2010), warming water temperature in early spring
(11 °C) initiates spawning in N. telescopus and alternatively, ovarian condition and
oocyte maturation decline as water temperature peaked at 24 °C. This suggests that water
temperature has an influence in spawning fluctuations in streams. From their
observations, N. telescopus is proposed to have a life-history strategy between
opportunistic and periodic. Opportunistic is having early maturity, small clutches, low
survivorship. Periodic is defined as late maturity, large clutches and low survivorship.
They suggest that N. telescopus is dimorphic due to the observation of larger standard
length among females. Larger sized females showed a reproductive advantage (i.e. larger
clutches) over the need for larger males. Since the species N. telescopus is thought to be
egg scatterers, they suggest that larger males have no advantage in this type of mating
system. This mating system does not involve male guarding behavior or male-male
competition, therefore larger size is not advantageous (Holmes et al. 2010; Pyron 2000).
Concerning conservation, they state that the relatively few streams in Alabama that
support the N. telescopus populations need protection against habitat alterations that alter
stream causing them to be turbid and warmer in the spring and early summer spawning
season (Holmes et al. 2010).
Allen (2013) looked at the reproductive strategies of Blotched Chubs (Erimystax
insignis) in the Flint River of Alabama. She studied the reproductive schedule and
potential annual fecundity by examining the gonadal condition and egg number by stage
of the Blotched Chubs. She also observed any changes in GSI measurements to
determine if sexual dimorphism was present. Her study included Blotched Chubs
collected over a period of 10 months using seine net fishing methods. The Blotched
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Chubs’ expected reproductive spawning varied from what had been previous reported,
which Allen attributes to the variation in the climate compared to another observed
population in east Tennessee. She reports that the breeding season was between February
to June, unlike the previous estimated range of mid-April to late July or early August for
Alabama (Allen 2013). She also found a significant difference between the gross masses
across the study for both sexes; however there was no significant difference when
comparing the two sexes. Observational data did not support sexual dimorphism in the
Blotched Chubs. There were elevated GSI levels that peaked for the females in March
and in April for the males. Based on the standard length, she calculated a histogram to
determine the age structure of her samples. She noted a statistically significant difference
in standard length due to month of capture for all fish.
These studies support the methods and explorations of this current study. The
reproductive schedule will be one portion of understanding the life history of these
species, which have not previously received thorough study. In gaining this insight, this
study will be able to make comparison with other Cyprinids that share the same habitat in
the Flint River. Gaining more insight on different species reproductive schedule will also
help with conservation efforts to protect them and their ecosystems.

Scarlet Shiners
The Lythrurus clade is composed of eleven species whose morphological and
molecular data supports the clade, but does not resolve relationship within the group
(Pramuk et al. 2007; Hopkins and Eisenhour 2008). Very small scales on the nape; a
dorsal fin origin behind the origin of the pelvic fin; a large, oblique, and terminal mouth;
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and the development of bright red or yellow fins in reproductive males during breeding
condition characterize them. This monophyly consist of three morphological
synapomorphies. These synapomorphies include small scales mostly in the predorsal
region; reduced anterodorsal squamation; and enlarged urogenital papillae in breeding
females (Pramuk et al. 2007).
The genus is separated
into two clades: the L.
umbratilis and L. bellus. These
clades were determined from
earlier morphological studies
and the studies by Pramuk et
al. analyzing their mtDNA.
The L. umbratilis clade is
composed of five species; L.
umbratilis, L. lirus, L.
fasciolaris, L. ardens, and L.
matutinus. The L. umbratilis
clade is found distributed from
the Mississippi and Ohio

Figure 1.1 Distribution of the Lythrurus species based on a study in
southeastern United States. (Pramuk et al. 2007)

valleys, in the southern
Great Lakes tributaries and

southern Ontario and western New York, southward through to eastern Texas and
westward to eastern Kansas and Oklahoma. The L. bellus clade is composed of six
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species: L. fumeus, L. snelsoni, L.bellus, L. alegnotus, L. roseipinnis, and L. atrapiculus.
The L. bellus clade is distributed from the Mississippi River and northern Gulf Coast
(Pramuk et al. 2007). In Pramuk et al. (2007), they show the geographical location of the
Lythrurus clade on a map of eastern North America (Figure 1.1). The phylogenetic tree in
Pramuk et al.’s study shows the relationship of the two clades of Lythrurus (Figure 1.2).

Figure 1.2 Bayesian consensus tree from 2291 bp of mtDNA data from study performed by Pramuk et al.
(2007). From the data anaylsis, Pramuk et al. proposed this tree as their preferred hypothesis of
relationships of the Lythrurus clade.
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A member of the L. umbratilis clade is L. fasciolaris (Figure 1.2). Gilbert once
classified Lythrurus fasciolarius as Notropis umbratillis fasciolaris in 1891. Later, it was
considered to be one species called L. ardens. Lythrurus ardens was later classified as
three distinct species, L. ardens, L. fasciolaris, and L. matutinus. Florino, in 1991,
elevated L. fasciolaris to a species based on morphological and allozyme analyses.
Mayden et al. accepted L. fasciolaris’ elevation to species status in 1992. In 1996,
Dimmick et al. supported this elevation. However, its classification as a species faced
some opposition by Snelson who also performed morphological analyses and described
L. ardens as one species, with two subspecies named L. a. ardens and L. a. fasciolaris
(Boschung and Mayden 2004).
Lythrurus fasciolaris, also known as the Scarlet Shiner, is a small, common
minnow found throughout portions of the Ohio, Cumberland, and Tennessee River
drainages in areas of higher relief. They are usually 60-90 mm in length with males often
larger. The Scarlet Shiner inhabits pools and raceways of small to medium, clear, rocky
streams of moderate gradient (Hopkins and Eisenhour 2008). Scarlet Shiners’ nesting is
associated with Lepomis and Nocomis, preferring to spawn in active nest of these species
from mid-May to late August (Hopkins and Eisenhour 2008). Its nest is often associated
with the River Chub (Nocomis micropogon) in Alabama, with behavior similar to that of
L. ardens. Their life expectancy is probably 2 or 3 years. Adults feed on insects taken in
midwater and that the surface, as well as midge larvae and mayfly nymphs in the
substrate (Boschung and Mayden 2004).
According to Boschung and Mayden (2004), the scarlet shiner was secure
throughout its range in southern United States. They also stated that in Alabama it was
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common locally and showed no signs of stress (Boschung and Mayden 2004).
NatureServe also shows that the scarlet shiner is globally secure since it was last
reviewed in 1997. In 2006, it was also described as nationally secure. However, in
Illinois it is extripated; in Georgia it is imperiled; and in Mississippi it is vulnerable
(Figure 1.3). In Alabama, Indiana, Ohio and Kentucky, Scarlet Shiners’ status is
apparently secure and in Tennessee the species is secure (NatureServe 2010; Patterson et
al. 2003).

Figure 1.3 Conservtion Status of Scarlet Shiner: Map from NatureServe showing the
conservation status of the Scarlet Shiner by state. As shown, blue indicates SX or presumed
extirpated; orange indicates S2 or imperiled; yellow indicates S3 or vulnerable; light green
indicates S4 or apparently secured; and dark green inidcates S5 or secure. (Patterson et al.
2003)
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Figure 1.4 Scarlet Shiner range and distribution patterns provided by NatureServe 2010. Green
shows the current distribution and purple indicates were it once existed but now is extirpated.
(Patterson et al. 2003)
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In southeastern United States, the distribution of L. fasciolaris is large, ranging
from Ohio to northern Alabama (Figure 1.4). It has a wide range in upland portions of
Tennessee and Cumberland drainages in Kentucky, Tennessee, Mississippi, Alabama,
and Georgia. The species is rarely found in the Ridge and Valley province in headwaters
of the Tennessee drainage in Virginia and Tennessee.
A study by Hopkins and Eisenhour (2008) looked at hybridization amongst the
scarlet shiner (L. fasciolaris) and the redfin shiner (L. umbratilis) in the Ohio River basin.
Their goals were to test the validity of diagnostic characters for each species in the Ohio
River basin; investigate and resolve uncertainties regarding the status for each species in
suspected areas of syntopy; evaluate the effects of hybridization on phenotypic variation
of the involved populations; and characterize the effects of hybridization on
zoogeography. In the Green River drainage, they did not find any individuals of L.
fasciolaris or intermediate phenotypes suggesting that L. fasciolaris has been extirpated
from that watershed (Figure 1.5). Hopkins and Eisehour noted that some level of habitat
degradation had occurred in the system from gravel mining, deforestation, and crop
agriculture and cattle access to streams. According to their research, L. fasciolaris and L.
umbratilis showed a parapatric distribution in the Ohio River basin. However, in all the
studies performed on other species of Lythrurus, a comprehensive study of the species’
biology has not been attempted (Boschung and Mayden 2004).
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Figure 1.5 Map taken from Hopskin and Eisenhour (2008) study showing the
distribution of two species of Lythrurus in the Ohio River basin and surrounding areas.
The circles are indications of study’s collections sites.

Schade and Stallsmith (2012) investigated the relationship between 11ketotestosterone (KT) and reproductive status in L. fasciolaris. Their study investigated
the sexual dimorphic characteristics of the Scarlet Shiner in regards to reproductive
success. The Scarlet Shiner is termed a tournament species because of male competition
for mates by developmental changes in color and aggressive behaviors that allow them to
assert dominance over other males. Specifically, during breeding season the nondominant males are not easily distinguishable from drab females. However, dominant
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males develop a series of blue-gray saddle bands across the back that extends ventrally to
the lateral line. In addition, these dominant males exhibit a bright red to orange
coloration in their fins, peropercle area, and venter. They proposed that androgen 11KT
to nuptial coloration and gonad size would be larger in dominant males compared to nondominant males and females (Schade and Stallsmith 2012).
Schade and Stallsmith examined 31 Scarlet Shiners for nuptial coloration
characteristics and 11KT concentrations. Of those used in the study, eight were dominant
males, seven were non-dominant males, and sixteen were females. They identified
dominant males using the two most easily identifiable secondary sex characteristics of
reproductive males: (1) heavy tuberculation (large, horny protuberances covering most of
the head/nape epidermis) and (2) presence of the saddle (dark, vertical, dorsolateral bars)
pattern dorsally (Schade and Stallsmith 2012; Dimmick and Larson 1996). They found
significant correlations between the secondary sex androgen 11KT, various nuptial
coloration attributes and GSI values. Schade and Stallsmith proposed that smaller
variances found in dominant males versus non-dominant males could be attributed to age
and sexual maturity. Based on GSI values and 11 KT concentrations, they saw that these
dominant males were at their peak reproductive condition. In females, they reported
measurable concentrations of 11 KT, and the female with the highest levels of the steroid
expressed a faint orange tint in the dorsal fin.

22"

Hypothesis
The objective of this study is to determine the reproductive schedule and potential
annual fecundity of L. fasciolaris. This study examined the gonadal condition and
maturation of ovaries and oocytes by stages, as well as calculating monthly changes in
gonadosomatic index (GSI) measurements for females and males over a 15-month study
period. Ovarian development was characterized to establish the reproductive schedule of
the population under study. There have not been any reported studies evaluating the
reproductive schedule of L. fasciolaris. In addition, this study aims to establish any
statistical differences between genders through analysis of standard length, gross mass,
gonadal mass and GSI measurements.
I propose that this study will verify the sexual maturity for L. fasciolaris in
Alabama to be mid-May to late August based on oocytes present in the ovaries and
increased mass of male testes. Secondly, this study is expected to show significant
differences between genders in length, gross mass, gonadal mass and GSI measurements
based on time of season. Furthermore in female specimens with developed ovaries, I
expect a significant difference in the total number of oocytes and stages of oocytes in
spawning versus non-spawning seasons. This information will be of use in developing
potential conservation efforts for protection of this species and similar species that share
its habitat.
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CHAPTER 2

MATERIAL AND METHODS
Collection Sites and Collections
The methods used in this study are standard procedures used in previous studies
(Holmes et al. 2010; Allen 2013). Lythrurus fasciolaris, the Scarlet Shiner, were
collected from a 10 km stretch of the Flint River in Northern Alabama monthly from
April 2012 to June 2013. The collections were performed at three specific sites along the
Flint River. The three designated sites were Oscar Patterson Road (34° 52.832’ N, 86°
28.830’ W), Mt. Carmel (34° 48.328’ N, 86° 28.333’ W), and Three Rivers (34°

49.360’ N, 86° 28.982’ W) (Figure 2.1). A majority of collections were collected at
Oscar Patterson Road, without any effort to collect individuals of a specific size or sex.
The collections sites are typical of habitats that Scarlet Shiner is known to inhabit, as a
medium-sized, clear-water stream with rock, pebble and gravel substrates and medium
water flow (Schade and Stallsmith 2012).
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Figure 2.1 Map of the collection sites for this study. From to top to bottom,
Oscar Patterson Rd, Three Rivers and Mt. Carmel, respectively. Map created
using Google Maps on January 23, 2013.
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Kick-seine and cast net techniques were used for capturing Scarlet Shiners. The
seine net contained 3 mm mesh, 3.5 m long and 1.2 m deep. The cast net used contained
0.75 mm mesh, and had a diameter of 2.3 m. After capture, collected specimens were
euthanized in clove oil or tricaine methanesulfonate (MS-22), and then fixed in 10%
phosphate buffer formalin solution. Water temperature was recorded at each collection
site.
Data Collection
For this study, the length and weight were recorded for each specimen collected.
Each specimen received a unique classification number based on the month collected (AL) and ordered numerical based on when they were processed (i.e. LFA-01). After
removing each specimen from the initial jar they were fixed in, they were placed in a flat
pan. The specimens then were cataloged and length was measured. The standard length
was measured from the tip of the jaw to the caudal peduncle for each specimen using a
digital caliper (Fisher Scientific) or a standard metric ruler, only used when the caliper
malfunctioned. Length was measured to the nearest tenth of a millimeter (0.01 mm).
Each specimen was blotted to remove excess fluid before weighing, weighed on an
Ohaus® Explorer balance, and measured to the nearest thousandth of a gram (.0001 g).
Gonadal removal was performed within a week of capture. After determining
length and weight, the specimens were placed in small snack size bags with a label and
enough formalin to cover the specimen’s body. All were stored in jars labeled with the
genus, species, and date of collection, water temperature, water speed, and collection
crew initials. Gonadal mass was recorded to the nearest thousandth gram, as well
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(.0001 g). After determining gonadal mass, the gonads were stored in a 1.5 mL
eppendorf tube with approximately 1 ml of formalin.
Gonadosomatic Index (GSI) was determined for each mature specimen with
gonadal tissue present. The percentage was calculated using the gross mass and gonadal
mass in the following formula:
!"# =

!"#$%$&!!"##
×100%
!"#$$!!"## − !"#$%$&!!"##

Reproductive Evaluation
Juveniles and mature adults were determined based on length and mass data. An
adult was classified as a specimen >45 mm in SL. This classification system was based
on observation of specimens that fell below the length requirement having no visible
gonadal tissue. A visual assessment of the female’s fecundity was determined by
classification of the ovaries and oocyte stage development. Images of the ovaries and
oocytes were captured using Olympus SZ2-ILST dissecting microscope with camera. The
camera images were analyzed and used for counting of the oocytes using CellSens
Standard software. Each image was captured at 8X (1.6X x 4.0X) magnification and
saved as .tiff file. Most ovaries were captured individually (i.e. ovary A and ovary B),
however, some were captured together. Ovarian condition was established using the
modified Heins and Rabito classification scheme used by Holmes et al., 2010. The Early
Maturing, or stage 1, ovaries are small in size, usually opaque, and dirty white color. The
Late Maturing, or stage 2, ovaries are larger and expanded, encompassing a large fraction
of the body cavity, but also opaque with cream coloration. Mature, or stage 3, ovaries are
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large (distending the abdomen), and cream color. Last stage, Ripe, or stage 4, ovaries are
very large and concentrated in the posterior portion of the ovary with cream coloration.
After ovarian condition was assessed, ovaries were teased apart for examination
of the oocytes. For intact ovaries, one of the ovaries was assessed then multiplied by 2 to
calculate the total number of oocytes. This was done with the assumption that both
ovaries contained the same number of oocytes (Allen, 2013). For those not intact, all of
the oocytes were counted. The oocytes were grouped and arranged in a single layer for
imaging purposes. Images were taken at 8X (1.6X x 4X) resolution using the dissecting
microscope and the CellSens Standard software. For a single ovary as many as 8 pictures
had to be made to capture all oocytes. Using Heins and Rabito’s (1986) classification
scheme, each stage of maturation was determined from the photographs of the oocytes
using the CellSens Software. A slight modification of the scheme was used that excluded
the latent stage ovaries in this study. Therefore, stage 1 was deemed the early maturing
stage followed by late maturing, mature and ripe, classified as stage 2, 3, and 4,
respectively. In the Early Maturing stage, the oocytes are relatively small and translucent
white in color. Late Maturing stage contained slightly larger yet still small oocytes that
appeared white to opaque in coloration. Mature stage oocytes range in size from small to
large with a distinct yellowish coloration. Ripe stage oocytes were visibly larger than
previous stages, often ranging from yellow to dark yellowish-brown, and separation from
the vitelline membrane and a small yolk mass. All oocytes were counted according to
stage for the purpose of this study. Two readers performed independent counts on all
oocytes. For discrepancy among the counts, the readers resolved by reassessing until a
consensus was reached.
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In addition to ovarian condition and oocyte maturation, diameter measurements
were performed after stage assignment. The average diameter of each stage of maturation
was determined by randomly picking a total five oocytes from each per specimen
(Holmes et al. 2010; Allen 2013; Heins and Rabito 1986).
Data Analysis
One-way ANOVA was used to test for significance between mean oocyte stage
development, and a t-test (two-tailed assuming equal variances) was performed on male
to female SL, and gross mass comparisons. Gonadal Mass and GSI values were not
normally distributed. For gonadal mass and GSI values, nonparametric Mann-Whitney U
test were performed. The ANOVA and t-test were performed using Microsoft Excel for
Mac and StatPlus for Mac (ver. 5.8.0.0). The two-way ANOVA and Tukey’s HSD Post
Hoc tests were performed on those test showing significant p-values at α=0.05 using IBM
SPSS Statistics 19 (ver. 19.0.0).
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CHAPTER 3

RESULTS
For this study, a total of 405 specimens were collected, comprising of 75 males,
133 females and 197 juveniles over the 15-month study. The number of specimens
collected ranging from as low as 2 to as high as 62 each month. The lowest number of
specimens captured was in April 2013 due to sustained high water conditions. The two
specimens captured in April 2013 were juveniles, therefore not usable for the majority of
the study. The highest number of specimens captured was in November 2012.
Reproductive Development
This 15-month study observed the oocyte and ovarian development in the Scarlet
Shiner based on the schema from Holmes, et al. (2010). There was a total of 8 months
where females with enlarged ovaries were observed. Both ovaries and oocytes were
categorized into stages (1-4) to assess their development during the reproductive season.
Both oocytes and ovaries were captured and classified into stages (Figure 3.1 and 3.2,
respectively). Stage 3 and 4 were indicators of the mature/ripe ova classifying the
females as either late maturing or mature.
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Oocytes varied in classification based on the month of capture. The
number of oocytes ranged from 317 to 4296 oocytes in one specimen. For the total
number of oocytes, the Shapiro-Wilk test for normality was p=.101, which is normal
distributed. This was determined excluding the outlier specimen 9 from May 2012, whose
total oocyte count was 4296. It was the only outlier identified using a boxplot in the SPSS
software. A one-way ANOVA of total stage 1-4 oocytes observed in monthly samples of
females for the months April through June showed a statistically significant difference in
mean number of oocytes per female across spawning period (p<.0001, F (3, 28)=16.1).
Tukey’s HSD Post hoc test revealed statistically significant differences between stage 1
and 2 oocytes. Also, post hoc test showed differences between all other stages were
statistically different from stage 4 oocytes.
A Two-way ANOVA was also performed to show the relationship between stage
and month of capture. After rejecting the Levene’s Test at α=.05 and having unequal
variance, to prevent type 1 error α=0.001 was set, the results suggest a significant
difference between oocyte stages and month of capture (p<.0001, F(31, 268)=5.315)
(Two Way ANOVA - SPSS (part 4) 2011; Howell and McConaughy 1982). A pairwise
comparison showed the a significant difference between the number of oocytes per stage
in May ’12 and May ’13 (α=0.05, p=.001). The comparison of June ’12 to June ’13 also
showed a significant difference in number of oocytes per stage (p<.0001). August ’12
showed a significant difference between April ’12 (p=.001), May ’12 (p=.001), June ’12
(p=.02), May ‘13 (p<0.0001) and June ’13 (p<0.0001).
From the data collected, the mean number of oocytes counted per month were
represented graphically and shown in a table (Figure 3.3). The percentages from the
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oocyte data were also represented graphically (Figure 3.4). Very few stage 4 oocytes
were found. On average, 1% of oocytes were categorized as stage 4.

Stage 1

"

Stage 2
"

Stage 3
"

Stage 4
"
Figure 3.1 Images of oocytes during the four stages of maturation.
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Stage 1

"

Stage 2

"

Stage 3

"

Stage 4

"
Figure 3.2 Images of the ovaries of the four stages of maturation.
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Oocytes by Stage per Month
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Figure 3.3 Oocytes were categorized into 1 of 4 stages each month (n=8). This graph shows the average
number of oocytes present in the months were ovaries contained stages 1-4. Total mean number of oocytes
per month as followed from April’12 to June ’13, respectively: 948, 1044, 972, 641, 438, 566, 821, 1352.
Latent stage (Heins & Rabito 1986) was not included in this study. Error bars are +1SE of the total mean
number of oocytes.
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Figure 3.4 Graph showing percent comparison of each stage over the 8 months, where adult mature females
were captured. Overall average, 47% were stage 1, 24% were stage 2, 36% were stage 3, and 2% were
stage 4.
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Length and Mass Data
On average, about 51.4% of specimens captured were mature adults. The
remaining 48.6% was composed of juveniles. A percentage comparison by month is
shown in Figure 3.5 for juveniles, males and females collected. According to one-way
ANOVA, a significant difference was found between the proportion of juveniles, males
and females captured monthly (P=0.016; F (2, 42)= 4.561). Male and female gross
weight was 54.94 g and 53.71 g, respectively. The average SL, gross mass, gonadal mass
and GSI values per month of males to females are shown in Table 3.1. Standard lengths
below 45 mm were considered juvenile. The April 2013 collection yielded only 2
juveniles so those data were excluded from this analysis.
For SL, a two-tailed t-test was performed comparing monthly means, using
α=0.05 and hypothesized mean difference equal to 0, showed no significant difference
between standard length between males and females (p=0.559, df=26). The two-tailed ttest performed on gross mass values also showed no significant difference (p=0.820,
df=26). In the case of gonadal mass averages and GSI values, the data were not normally
distributed. The nonparametric Mann Whitney U test on gonadal mass averages was
statistically significant (p=.001, U=27.5, z=-3.082). GSI also shows a significant
difference using the Mann-Whitney U test (p=.0001, U=16.0, z=-3.639).
A graph of the standard length shows mean comparison for males and females
(Figure 3.6). The graph shows that length is highest in the months of the spawning
season for both sexes. Figure 3.7 shows a comparison of gross mass for the males and
females over the course of the study. Standard error (SE) is shown for each monthly
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average. According to the t-test analysis, the null hypothesis could not be rejected that
females are larger than males (both alpha and non-dominant males combined).

Table 3.1 Lythrurus fasciolaris monthly averages for standard length (ASL), gross mass
(AGrM), gonadal mass (AGoM), and GSI (AGSI) separated by gender, males (M) and
females (F). Males in study, n=75; females in study, n=133; juveniles in study, n=197.
The collection was done over a 15-month period; data shown are from that period with
the exception of April, 2013. The values in parenthesis () indicate ±SE.

Month
Apr-12
May-12
Jun-12
Jul-12
Aug-12
Sep-12
Oct-12
Nov-12
Dec-12
Jan-13
Feb-13
Mar-13
May-13
Jun-13

ASLF
ASLM AGrMF AGrMM AGoMF AGoMM AGSIF
AGSIM
(mm)
(mm)
(g)
(g)
(g)
(g)
(%)
(%)
56.93
57.87
3.13
3.06
0.28
0.03
9.561
1.043
(1.95)
(2.24)
(0.33)
(0.37)
(0.05)
(0.004)
(1.15)
(0.17)
65.4
2.67
3.25
0.24
0.05
10.737
1.639
(1.54)
66 (4)
(0.23)
(0.92)
(0.03)
(0.001)
(1.14)
(0.433)
56.5
53.6
2.40
2.01
0.17
0.01
7.859
0.626
(1.2)
(1.72)
(0.12)
(0.22)
(0.02)
(0.003)
(0.84)
(0.12)
59.2
58.38
2.23
2.38
0.10
0.02
4.621
0.698
(1.35)
(1.93)
(0.25)
(0.19)
(0.03)
(0.002)
(1.30)
(0.12)
55.17
1.86
1.73
0.10
0.01
5.395
0.707
(1.7)
53 (4)
(0.15)
(0.45)
(0.02)
(0.001)
(1.05)
(0.22)
51.28
53.84
1.64
2.01
0.02
0.01
1.271
0.366
(1.47)
(3.32)
(0.17)
(0.36)
(0.01)
(0.002)
(0.27)
(0.07)
51.14
1.56
1.44
0.02
0.01
1.069
0.683
(2.17) 50.4 (2)
(0.16)
(0.16)
(0.01)
(0.001)
(0.30)
(0.11)
57.45
56.5
2.22
2.25
0.03
0.01
1.294
0.410
(0.8)
(1.4)
(0.09)
(0.18)
(0.002)
(0.001)
(0.09)
(0.04)
48.4
50.31
1.26
1.47
0.02
0.01
1.238
0.602
(0.38)
(1.04)
(0.02)
(0.11)
(0.004)
(0.001)
(0.31)
(0.06)
51.12
52.12
1.66
1.86
0.03
0.01
1.571
0.350
(2.03)
(3.45)
(0.19)
(0.42)
(0.01)
(0.001)
(0.37)
(0.11)
50.21
48.87
1.51
1.37
0.02
0.01
1.136
0.624
(2.96)
(0.93)
(0.27)
(0.16)
(0.002)
(0.001)
(0.36)
(0.02)
59.68
49.84
2.69
1.51
0.04
0.01
1.502
0.753
(5.76)
(0.6)
(0.54)
(0.15)
(0.01)
(0.004)
(0.70)
(0.23)
54.31
47.19
2.47
1.83
0.34
0.04
14.421
2.167
(2.74)
(2.11)
(0.40)
(0.16)
(0.09)
(0.02)
(3.33)
(1.12)
51.58
54.01
2.01
2.35
0.21
0.03
11.765
1.188
(1.12)
(2.35)
(0.15)
(0.37)
(0.02)
(0.01)
(0.77)
(0.32)
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Maturation Status of Specimens Captured Per
Month
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Figure 3.5 Comparison of the specimens captured as a percent of the whole over the 15month study. The bars represent 1 standard error. Females (n=133), males (n=75), and
juveniles (n=197) are represented by gray, black, and stripes, respectively.
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Figure 3.6 Comparison of the standard length of males to females over the 15-month study. The Standard
Error bars are shown for each monthly average.

Average Gross Mass Comparison
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Figure 3.7 Comparison of the gross mass of males to females over the 15-month study, with the exception
of April 2013. Error bars represent standard error. The hatched bars represent the average gross mass for
females; and the solid black represents the average gross mass for males.
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Average Gonadal Mass Comparison
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Figure 3.8 Average gonadal mass for males and females. Average gonadal mass for females represented by
stripes; average gonadal mass males represented by black. Mann-Whitney U test yield a U=27.5 and
p=.001.

Figure 3.8 shows a graph of the comparison of average gonadal mass for males to
females. Due to non-normality of data, Mann-Whitney U test was performed to compare
males and females’ monthly gonadal mass averages. The Mann-Whitney U test showed a
significant difference between the gonadal masses of males and females (p=0.001). The
graph supports a statistical difference between male and female gonadal masses. Notably,
during non-spawning season, both sexes underwent severe regression in their gonadal
masses.
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Monthly GSI Values
Gonadosomatic Index (GSI) values were used to determine the period of
spawning. The GSI peak is in May in both 2012 and 2013 for males and females
(Figure 3.9). Elevated female GSI values greater than 6% than were found in April,
May, June 2012, and May and June 2013. GSI values were < 2% for female fish from
September 2012 until March 2013. Male GSI rose 0.60% from April to May 2012; in
2013, peak male GSI value of 2.17% was found in May 2013. The overall trend for GSI
values is for a peak in May and then decline, with low values from August 2012 until the
next peak in May 2013. Females’ monthly average GSI values ranged from 1.07% to
14.42%; while male overall average GSI values ranged from 0.35% to 2.17%.

Monthly GSI Values
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Figure 3.9 GSI for adult males (light gray) and females (dark gray) for the Scarlet Shiner (L.
fasciolaris) over the 15-month study from April 2012 until June 2013. A total of 403 specimens
(with the exception of 2 juveniles from April ’13) were used in the calculation of the GSI shown
here. The GSI shows that the reproductive season was from April until August. Elevated GSI
values in April point to the initiation of the reproductive activity in 2012. The peak (beginning of
the spawning) is indicated in May for both years.
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Wilcoxon Mann-Whitney U test were performed due to lack of normality in the
GSI values comparing the mean GSI values monthly for males and females. The MannWhitney U test showed a significant difference in female and males monthly GSI values
(p=.0001).
Sexual Dimorphism
Sexual Dimorphism was examined by the physical appearance of specimens
captured over the 15-month period compared to standard length, gonadal mass and GSI
values. However, there was not a sufficient number of specimens on which to perform a
robust one-way ANOVA analysis.
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Chapter 4

Discussion
Oocyte/Ovarian Development
The focus of this study was to determine the reproductive timing of the Scarlet
Shiner. In order to accomplish this goal, an examination of the oocytes and ovarian
condition was necessary. In previous research, examining oocyte maturity and ovarian
condition has served as an indicator of the reproductive season in various types of
spawners (Heins and Rabito 1986; Holmes et al. 2010). The method for determining
oocyte and ovarian conditions followed the modified schema presented in Holmes et al.’s
research on the Telescope Shiner. The results of this study showed statistically
significant differences for the mean number of oocytes present across the spawning
season, therefore supporting my hypothesis of finding such differences. At the peak of
spawning season, there were more stage 3 and 4 ovaries present, which occupied ¼ to ¾
of the body cavity (Murua et al. 2003). As shown in Figure 3.3, a majority of the mature
oocytes were also found in specimens during the peak of the spawning season. A steady
decline was seen in the number of stage 3 and 4, but an increase in stage 1 oocytes as the
spawning season approached its end. Stage 4 oocytes were the lowest number present at
any time during the spawning season (mean= 16). Stage 4 or ripe ova are readily spawned
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When they reach maturity, this may account for the decrease of oocytes present for this
stage (Heins and Rabito 1986)
In June and July 2012, some of the mature female did not have any oocytes
present in the ovaries removed. There are several different speculations that may account
for the lack of oocytes present. One prediction is that these females were severely
regressed during that particular phase of the spawning season. Another prediction is that
the specimens were “mature inactive”. The term mature inactive defines partially mature
females who begin reproduction but abort without ever producing a batch of eggs often
occurring in individuals maturing in the year-class for the first time (Murua et al. 2003).
The other alternative is that the females already begun spawning and were in their resting
phase when they were captured. According to Murua et al. (2003) resting phase begins
after the mature stage and often has some remaining oocytes, post-ovulatory follicles
(POF) and hydrated oocytes. This description of hydrated oocytes closely matches Heins
and Rabito’s latent oocytes descriptions (see Table 1.1).

Length and Mass Measurements and Sexual Dimorphism
Another focus of this study were changes in standard length, gross mass and
gonadal mass in comparison to males and females. The mean standard length and mean
gross mass showed no significant differences between males and females, which rejects
my prediction. It is possible that there was a difference between alpha males compared to
non-dominant males and females, but there were not enough specimens collected to test
for this difference. However, previous research has found significant difference between
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dominant males, non-dominant males and females for SL and body weight (Schade and
Stallsmith 2012).
The Shapiro-Wilk’s test showed that mean standard lengths and gross mass were
normally distributed (df= 14; SL: female- p=.419, males- p=.198; GR: female- p=.790,
males- p=.118). However, two-tailed t-test showed no significance for pooled SL (df=26,
p=0.5, tcrit= 2.056) nor pooled gross mass (df=26, p=0.76, tcrit=2.056). Notably, the SL
observed from this study was 49-66 mm, compared to the expected 60-90 mm. This
observed shift is size may be part of the species adaptive behavior allowing for the
species to reach sexual maturity faster. A Mann-Whitney U test on the gonadal mass data
showed statistical differences.
The Scarlet Shiner is known for its sexual dimorphic traits such as tubercles and
colorful pigmentation on the body and/or fins of males (Schade and Stallsmith 2012).
Unfortunately, there were not enough specimens to perform any robust statistical
analysis.

GSI Measurements and Reproductive Season
Scarlet Shiner data shows evidence of being reproductively active from April into
August based on GSI values and microscopic examination of ovarian tissue. The Scarlet
Shiner population observed in this study enters spawning season in April, with declines
completed by September. Interestingly in September, out of the 9 adult females, one
female was still reproductively competent by evidence of stage 3 oocytes. In April of
2012, some mature adults were showing reproductive competence, but the GSI values did
not reach peak until May. From this study, it is suggested that April is the initiation and
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May is peak of the spawning season. Unfortunately in this study we were not able to
compare it to the following April 2013 due to the river conditions. Elevated GSI values
were shown in May and June 2013 (Figure 3.9). I speculate that the elevated GSI values
in May and June are a direct result of unfavorable conditions for spawning in April 2013.
Compared to the previous year, May and June GSI values increased by nearly double for
both sexes, possibly in response to unfavorable spawning conditions in April.
Compared to other species in the Flint River, the Scarlet Shiner was found to be a
relatively late spawner. Based on previous research on the Blotched Chub (E. insignis) in
the Flint River, Allen (2013) established that their spawning seasons from March to May.
Current research being conducted by Hodgskins indicated a spawning season for the
Silver Shiner (N. photogenis) to be February to April (per. obs.). Also current research
being conducted by Mann indicates a spawning season for the Whitetail Shiner
(Cyprinella galactura) to be May to July (per. obs.). Based on these findings, there
seems to be niche partitioning occurring amongst the Cyprinids in the Flint River. The
shift in maturation may also be a result of change in water temperature. Scarlet Shiner is
very similar to the Whitetail Shiner because both show sexual dimorphic characteristics
and spawning later during warmer water temperature conditions. The comparison of
Flint River Cyprinids is shown in the following table (Table 4.1).
Table 4.1 Comparison of Flint River Cyprinids Reproductive Schedules
Species
Spawning Season
Water Temp. at Peak
(°C)
Scarlet Shiner (L. fasciolaris) April- August (peak May)
21.9-22
Blotched Chub (E. insignis)
March- May (peak March)
15
Silver Shiner (N. photogenis)
February- April (peak March) 13-15
Whitetail Shiner (C. galactura) May- July (peak July)
--
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Study Limitation
In this study, some limitations occurred. For instance, collection of specimens
varied greatly. The monthly range was from 2 to 62 specimens, and sometime no adult
specimens were captured. In April 2013, the weather and river conditions hindered the
number of collection trips. As a result, only 2 juvenile specimens were captured for that
month. Another limitation was the sampling method. The use of the seine and cast net
allowed the possibility for smaller fish to escape. Some limitations may have occurred
from the locations within the collection site. No collections focused on the shore, where
previous studies suggest the shore as a location preference for the young of the year
(Allen 2013). Furthermore, the Scarlet Shiner is known to spawn in smaller, clear rivers
with swift flows over clean substrates (Schade and Stallsmith 2012). Therefore, the
reproductive success of the Scarlet Shiner depends on the conditions of the water, which
may have lead to lower number of captures in some months. Another collection
limitation was variation in the number of collections per month and timing of the
collections. Having to work with the river conditions and weather for some months had a
big influence on the amount of specimens captured as well.

Conclusion
The objective of this study was determining the reproductive schedule and
potential annual fecundity of L. fasciolaris. This study found the reproductive schedule to
be April to late-August for species found in the Flint Rivers in Northern Alabama. The
potential annual fecundity can be calculated using various parameters including
comparing number of oocytes to the weight of ovarian tissue, also known as the
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gravimetric method (Murua et al. 2003). However, without ways of determining the
histology of the oocytes, it was not possible to calculate potential annual fecundity. The
study found a trend in increased gonadal mass during spawning season for both sexes.
Even though SL and gross mass were not significantly different, it was interesting that
GSI varied greatly. If this study was repeated, possibly gathering more specimens would
yield more normally distributed data to gain a true significance between the males and
female Scarlet Shiners. The information presented in the study has given us some insight
into the reproductive behavior of the Scarlet Shiner (L. fasciolaris) that could used to
establish a life history for this species that little is still known about.

Future Research
In the process of this study, several limitations prevented determining potential
fecundity. For future research, it would be interesting to find methods to look at the
histology of the oocytes to gain better classification and determine fecundity. Several
different methods have been listed in Murua et al. 2003. In addition to determining
fecundity, future studies can look more into the environmental impact on the species.
The Scarlet Shiner is known to have difficulty spawning in unclean, polluted, and large
water systems. It was interesting that some species had severely regressed or no visibly
present ovary B, in the presence of ovary A. Speculations about those females have led
us to believe that some pollution during those months may have caused the abnormality.
Future studies could collect samples of the water from the area of capture and test for
pollutants. This will also be helpful in finding potential conservation efforts for
protection of this species and similar species sharing the same habitat.
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